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Mhis review is a sequel to our previous reports highlighting
he most important recent literature in single-photon emis-
ion computed tomography (SPECT) myocardial perfusion
maging, cardiac positron emission tomography (PET),
ardiac computed tomography (CT), and cardiac magnetic
esonance imaging (MRI). In almost all cases, these studies
ere published in the English-language literature between
pril 1, 2006, and March 31, 2007. The decision to
rbitrarily include some articles and exclude others is more
ifficult each year. Time has exposed some of our previous
rrors. Last year, we did not include the first case report on
ephrogenic systemic fibrosis. This year, we added a whole
ew safety section on this topic. We can assure both authors
nd readers that we have done our best to put aside personal
iases in reaching these difficult decisions. We have again
rganized this summary around topical themes in an effort
o encourage a broad, multimodality approach to the appli-
ation of imaging to clinical problems.
echnical Advances
ET. Although cardiac F-18 fluorodeoxyglucose (FDG)-
ET imaging is a well-established technique, vascular
DG-PET imaging is not. Two studies addressed this
merging area. Tawakol et al. (1) compared the results of
DG-PET imaging with tissue samples obtained during
ubsequent carotid endarterectomy to demonstrate a signif-
cant correlation between FDG uptake and both carotid
laque and macrophage staining. This early study offers
reat promise if subsequent studies demonstrate that in-
reased carotid FDG activity predicts subsequent cerebro-
ascular events. Tahara et al. (2) used FDG-PET vascular
maging in a randomized trial of 43 patients to demonstrate
decrease in FDG uptake in patients treated with
imvastatin.
T. The rapid technical advances in CT continue. Early
tudies described the use of 256-row cone beam and
ual-source CT, both introduced in last year’s review. Using
ual-source CT, Johnson et al. (3) demonstrated impressive
rom the *Division of Cardiovascular Diseases and Internal Medicine, Department of
edicine, and †Department of Radiology, Mayo Clinic and Mayo Foundation,
ochester, Minnesota. Dr. Gibbons has received a research grant from King
harmaceuticals, which is developing an adenosine agonist for pharmacologic stressb
esting. Dr. Williamson is a consultant for GE Medical and has received a research
rant from and is a consultant for Berlex Medical.emporal resolution and robust coronary artery imaging at a
ide range of heart rates. Scheffel et al. (4) showed similar
esults, with excellent negative predictive value for 50%
tenosis despite a lack of beta-blockade.
RI. Advances in MRI software and computer processing
ave lead to faster, more robust performance. There is a
mall-but-growing literature in which MRI acquisitions are
cquired in a single breath hold, or in a free-breathing state.
ttempts to decrease the breathing requirements for MRI
olume measurements are summarized in Table 1 (5–10).
he ability to perform MRI acquisitions in a single breath
old, or in a free-breathing state, would substantially reduce
he main limitation of MRI (i.e., the level of required
atient cooperation).
iability
ET. Previous studies have reported conflicting data on
he duration of survival of hibernating myocardium.
iggers et al. (11) performed serial sestamibi SPECT and
DG-PET on 16 patients with chronically stunned or
ibernating myocardium who were treated with medical
herapy for approximately 2 years. Sestamibi and FDG
ptake was unchanged in regions of hibernating myocar-
ium and only slightly decreased in regions with chronic
tunning, suggesting an adaptation to chronic ischemia
Fig. 1).
T. Although the use of CT to evaluate myocardial
iability remains in its infancy, there is widespread interest
n using CT as a “one-stop shop” for ischemic cardiac
isease. Most new studies used 2 methods for detection of
yocardial ischemia and infarction using contrast-enhanced
T: first-pass myocardial enhancement and delayed myo-
ardial hyperenhancement.
In a porcine model, Baks et al. (12) showed that infarct
ize by delayed enhancement CT correlated closely with
istology (r2  0.92; p  0.001). The same group reported
xcellent correlations between delayed enhancement CT
nd delayed enhancement MRI (r2  0.96; p  0.001) and
etween both techniques and pathology (r2  0.96 and
.93, respectively) (13). Brodoefel et al. (14) confirmed
hese findings in another porcine model and showed that
T characterized microvascular obstruction similarly to
RI and the transmural extent of infarction similarly tooth MRI and histology (  0.86 and 0.84, respectively).
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ancement significantly underestimated infarct size and was
naccurate for the determination of infarct transmurality.
In 42 patients, Sanz et al. (15) reported that the sensi-
ivity and specificity of postcontrast CT for the detection of
I (compared with MRI) were 91% and 81%, respectively.
here was strong correlation between MI volume by CT as
ompared with MRI (r  0.87); however, CT substantially
nderestimated the volume of infarcted myocardium (2.7 
educed Breath Hold Techniques for Magnetic Resonance Imaging
Table 1 Reduced Breath Hold Techniques for Magnetic Resona
Author n Breathing Strategy Prim
Fieno et al. (5) 62 Single breath-hold L
Wintersperger et al. (6) 42* Two breath-holds P
Yamamuro et al. (7) 22 Free breathing, real time K
Uribe et al. (8) 5† Free breathing with
respiratory gating
P
Jahnke et al. (9) 65 Single breath-hold K
Mascarenhas et al. (10) 22† Single breath-hold P
Including 16 volunteers. †All volunteers.
CI  confidence interval; K space  a mathematical construct involved in MRI image data col
nvolving the MRI receiver coil; SD  standard deviation.
Figure 1 Changes in Sestamibi and FDG Update Over Time
Changes in sestamibi uptake (top) and FDG uptake (bottom) plotted against d
(open circles), which displayed a weak negative linear correlation between dur
FDG uptake r2  0.24, p  0.001). In hibernating regions (solid circles), ther
mission from Wiggers et al. (11)..5 ml vs. 25.9  19.9 ml). Interestingly, 71% of subjects
ith MRI evidence of myocardial infarction (MI) exhibited
egions of hypoattenuation on precontrast CT images,
uggesting that hypoattenuation found on postcontrast CT
mages may not reflect diminished perfusion.
Nieman et al. (16) evaluated the ability of first-pass CT
yocardial enhancement to characterize the chronicity of
yocardial infarction in 16 patients with acute myocardial
nfarction (1 week), 13 patients with chronic infarction (1
me Measurements
maging Volume Measurements
ethod for Shortening Scan Time LVEF Mean Difference  SD (95% CI)
images 2 5% (7.8% to 11.8%)
l imaging 0.3 1.3% (2.8% to 2.2%)
sampling 2.4 3.0%* (8.3% to 3.5%)
l imaging with respiratory gating 0.9% SD, CI not reported
sampling 1.5 3.2% (4.8% to 7.8%)
l imaging 0.2 3.6% (7.3% to 6.9%)
LVEF  left ventricular ejection fraction; parallel imaging  a method of decreasing scan time
n of follow-up. Regression lines are shown for the chronically stunned regions
of follow-up and change in sestamibi uptake (r2  0.15, p  0.0001) and
no significant correlation. FDG  fluorodeoxyglucose. Figure used with per-Volu
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Year in Cardiac Imaging September 4, 2007:988–1003ear), and 13 normal control patients. Mean attenuation,
ifferential attenuation, myocardial wall thickness, and ventric-
lar dimension were significantly different among the 3 groups,
nd with the use of CT, the authors were able to reliably
istinguish between acute and chronic infarction (16).
RI. In MRI nonviable, infarcted tissue is most com-
only detected using a technique called “delayed enhance-
ent” or “delayed hyperenhancement.” The main advantage
f MRI delayed enhancement is its spatial resolution of 1 to
mm, compared with about 10 mm with Tc99m-sestamibi
PECT scanning. Ibrahim et al. (17) compared MRI with
PECT in 78 patients with acute MI. Using troponin
levation as the reference standard for MI, they found that
RI was significantly more sensitive than SPECT for the
etection of small infarcts (troponin  3.0 ng/ml; 92% vs.
9%; p 0.03), and infarction in nonanterior location (98%
s. 84%; p  0.03) (Figs. 2 and 3). Given the excellent
rognosis of patients with no infarction by SPECT, future
Figure 2 MRI Compared With SPECT for Detection of Small Inf
(A) Short-axis magnetic resonance imaging (MRI) delayed-enhancement images sh
short axis Tc99m sestamibi single-photon emission computed tomography (SPECT
delayed-enhancement MRI image in a different patient shows a small focus of tran
Tc99m sestamibi SPECT images do not show a definite abnormality in this area (atudies will be required to see whether patients with such fmall infarcts, detectable by MRI and not SPECT, have an
dverse prognosis.
Several investigators have used the spatial resolution of
RI delayed enhancement imaging to quantify small in-
arcts or to map the spatial extent of infarcts or fibrosed
issue (Table 2) (18–21). Porto et al. (18) demonstrated
istal embolization of plaque material in 15 of 64 vessels
23%) undergoing PCI with stent placement. The new
nfarcts detected were only 7.6  6.2 g, which might have
een missed by other modalities.
afety
RI contrast and nephrogenic systemic fibrosis. The
ost significant development affecting the practice of MRI
as been the proposed causative association between the use
f MRI contrast media in patients with advanced renal
mall subendocardial infarct in the lateral wall (arrowhead). The corresponding
es do not show a definite abnormality in this area (arrowhead). (B) Short axis
l delayed enhancement in the inferolateral wall. The corresponding short axis
ead). Figure used with permission from Ibrahim et al. (17).arcts
ow a s
) imag
smura
rrowhailure and nephrogenic systemic fibrosis (NSF), an obscure
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September 4, 2007:988–1003 Year in Cardiac Imagingebilitating fibrosing disease, primarily affecting the skin,
hich was first reported in 2000 (22). In early 2006,
robner (23) reported that 5 of 9 dialysis patients who had
eceived gadolinium-based MRI contrast media developed
Figure 3 MRI and SPECT Compared With Troponin Levels
Sensitivity of delayed enhancement contrast-enhanced magnetic resonance
imaging (MRI) and single-photon emission computed tomography (SPECT) for
the detection of acute myocardial infarction based on the peak troponin T lev-
els (TNT). From the original figure: “Groups were defined by peak troponin T
level 3.0 ng/ml (n  26), 3.0 to 6.0 ng/ml (n  27), and 6.0 ng/ml (n 
25) (*p  0.03).” Open bars  MRI; solid bars  SPECT. Figure used with
permission from Ibrahim et al. (17).
tudies of Spatial Extent of Infarcts Using MRI Delayed-Enhanceme
Table 2 Studies of Spatial Extent of Infarcts Using MRI Delaye
Author Patients n
Porto et al. (18) 30-mm stent 52
Cino et al. (19) Remote STEMI 48
Valeti et al. (20) HOCM, septal alcohol ablation
or myectomy
24 for each proced
Harris et al. (21) Congenital heart disease 73CG  electrocardiogram; HOCM  hypertrophic obstructive cardiomyopathy; IVUS  intravascular ultr
oronary intervention; RV  right ventricular; RVOT  right ventricular outflow tract; STEMI  ST-segmenSF within 2 to 4 weeks of exposure to contrast and
uggested a possible causal association. Other reports
uickly followed (24–27).
In February 2007, High et al. (28) reported the first
vidence of causation between gadolinium and NSF. They
ound that patients with NSF had on average 70 ppm of
adolinium ion in their affected skin, which is 35- to
50-fold greater than the retained levels other investigators
ave reported in the bones of healthy volunteers. High et al.
28) interpreted these data to support the current prevailing
ypothesis (i.e., that the gadolinium ion in MRI contrast
isassociates from its carrier molecule and is not excreted
ut collects in tissue in patients with renal failure). Inter-
sted readers are urged to monitor the literature carefully
uring the coming year, for further studies of the mecha-
isms for this disease, and further announcements from
ajor professional societies and regulatory agencies.
T. Minimizing the radiation dose of CT is an area of
reat interest. Abada et al. (29) evaluated electrocardiogram
ECG)-pulsed tube current modulation, a technique that
educes the CT tube current during phases of the cardiac cycle
eemed unlikely to produce useful images of the coronary
rteries. They found that radiation doses could be decreased by
p to 88% in thin patients without compromising image
uality. Hesse et al. (30) also evaluated tube current modula-
ion using echocardiography to determine the optimal tempo-
al window for maximum tube current. Radiation dose was
educed by 42% and only 3% of coronary segments were
nevaluable in the modulation group.
aging
ancement Imaging
Use of MRI Infarct Imaging Results
Detect new small MI after PCI 23% of vessels showed new MI.
Change in plaque volume
correlated with MI mass
(r  0.58, p  0.001).
Reference standard to test ECG
localization of MI
ECG sensitivity low in lateral
and limited anteroapical
infarcts, high (80%) for
others. ECG specificity high
(98%) for all locations
Size, extent, and location of defects Septal myectomy – discrete
resection in anteroseptal
alcohol ablation – variable;
usually transmural MI;
sparing of basal septum
in 25%
Localize fibrosis 31 of 34 patients with previous
patch repair of RVOT had
fibrosis in RVOT, 14 of 34
had fibrosis in the ventricular
septal defect patch
(p  0.001). Patients with
RVOT patch repair were
more likely to have fibrosis
of the aortic valve
(p  0.002) and ascending
aorta (p  0.05).nt Im
d-Enh
ureasound; MI  myocardial infarction; MRI  magnetic resonance imaging; PCI  percutaneous
t elevation myocardial infarction.
64-Row Coronary CTA Versus Coronary Catheterization for Detection of Stenosis
Table 3 64-Row Coronary CTA Versus Coronary Catheterization for Detection of Stenosis
Author Patient Population n
Age
(yrs)
Heart Rate
(beats/min)
Size of
Analyzed
Vessels
(mm)
Percent
Excluded
Analysis by Segment
Comment
Sens for 50%
Stenosis Spec PPV NPV
Sun et al.
(39)
Meta-analysis (47 studies) 3,142 NR NR Variable NR 83% 93% NR NR CTA could be initial test in
intermediate likelihood
patients
Hamon et al.
(40)
Meta-analysis (29 studies) 2,024 NR NR Variable 4% 81% 93% 68% 97% CTA limited by moderate
specificity in high-
likelihood patients
Schuijf et al.
(41)
Patients scheduled for coronary
catheterization
61 60 11 60 11 All 1.4% 85% 97% 82% 99%
Nikolaou
et al. (42)
Known or suspected CAD 72 64 10 61 9 All 10% 82% 95% 72% 97%
Busch et al.
(43)
Retrospective of patients receiving
both CTA and coronary
catheterization
23 59 NR NR 1 2 patients 89%* 100%* 89%* 100%* Software-assisted
quantitation works
Ropers et al.
(44)
Post-CABG patients 50 (138 grafts) 67 NR NR 1.5 8% 86% 76% 44% 96% All grafts and most native
coronaries evaluable
Ong et al.
(45)
Symptomatic patients scheduled
for coronary catheterization
134 (68 low Ca;
66 high Ca)
55 9 62 NR 1.5 6% (low Ca);
13% (high Ca)
85% (low Ca);
80% (high Ca)
98% (low Ca);
93% (high Ca)
78% (low Ca);
79% (high Ca)
99% (low Ca);
94% (high Ca)
Agatston score 142
a limitation
Ehara et al.
(46)
Unselected, consecutive patients 69 67 11 72 13 All 8% 90% 94% 89% 95%
Ghostine
et al. (47)
Consecutive patients with LBBB
and no CAD history
66 69 13 67 13 1.5 0% 72% 99% 91% 97% CTA an alternative to
stress tests
Meijboom
et al. (48)
Patients with NSTEMI 104 59 9 60 8 All 0% 92% 91% 60% 99% Negative CTA reliable in
NSTEMI patients
Muhlenbruch
et al. (49)
Symptomatic patients with high
pretest probability for CAD
51 59 8 61 8 All 5% 87%† 95%† 75%† 98%† CTA limited in a high-risk
population
Oncel et al.
(50)
Suspected CAD 80 56 NR 58 10 All 0% 96% 98% 91% 99% Patient-based analysis
better
*75% stenosis as a cutoff value; †70% stenosis as a cutoff value.
Ca  coronary calcification; CABG  coronary artery bypass grafting; CAD  coronary artery disease; CTA  computed tomography angiography; NPV  negative predictive value (sensitivity, specificity, PPV, and NPV values in this table are reported for the smallest unit
of analysis); NR  not reported; NSTEMI  non–ST-segment elevation acute coronary syndrome; PPV  positive predictive value; Sens  sensitivity; Spec  specificity.
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September 4, 2007:988–1003 Year in Cardiac ImagingProspective ECG-triggering, a nonhelical scan technique
n which the CT scanner functions in a “step-and-shoot”
ode, is experiencing a resurgence. This 20-year-old tech-
ique had been almost completely replaced by retrospective
CG-gating to permit acquisition of functional cardiac
ata. However, this technique provides superior spatial
esolution at much lower radiation doses (31). Additional
pplications of this technique are likely.
oronary Artery Disease (CAD)
iagnosis. SPECT. Although the diagnosis of CAD by
PECT is well-defined, 2 studies provided important new
nsights. Schuijf et al. (32) compared multislice CT with
PECT in 114 patients at intermediate likelihood of CAD.
he SPECT findings were almost always normal in patients
ho did not have CT-confirmed CAD. In patients with
bstructive CAD confirmed by CT, 50% had normal
PECT. The accompanying editorial by Dorbala et al. (33)
efines the potential application of these results.
Whittle et al. (34) compared positive SPECT scans with
ubsequent coronary angiography in 52 African American
nd 259 Caucasian male veterans. African Americans had a
ower prevalence and severity of CAD. Further studies are
eeded to better understand these surprising findings.
Another study addressed a practical issue, the effects of
affeine ingestion on adenosine SPECT imaging. In 30
atients with reversible defects on adenosine SPECT,
oghbi et al. (35) reported that repeat imaging after 8
unces of coffee was very similar to the baseline scan,
uggesting that the widespread practice of deferring aden-
sine studies in patients with recent caffeine ingestion may
e unnecessary.
The diagnostic application of SPECT may extend to
atients with dyspnea without chest pain. In 1,864 such
atients, Balaravi et al. (36) found a high prevalence of
bnormal (45%) and high-risk (11%) SPECT scans; high-
isk scans were associated with a much worse 10-year
urvival.
ET. Coronary physiology is still not fully defined. Jagath-
san et al. (37) demonstrated an inverse relation between
yocardial blood flow during dobutamine stress PET and
tenosis severity in ischemic territories. Surprisingly, they
lso demonstrated a similar significant relationship in re-
ote territories, which seemed to be due to an increase in
inimal coronary resistance.
ET AND CT. Sampson et al. (38) reported promising diag-
ostic results in 64 patients with suspected CAD using
ubidium stress PET and CT for attenuation correction.
T. The prospective comparison of 64-detector row CT
ystems to coronary catheterization for the detection of
tenosis remains a popular topic for investigation. The
echnique has been expanded to a broader range of patients
39–50) (Table 3). CT T H H G J
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Year in Cardiac Imaging September 4, 2007:988–1003Several studies have used CT angiography (CTA) in
atients presenting to the emergency department with chest
ain (51–55) (Table 4). The biggest advantage of CT in
hese patients is its ability to evaluate cardiac and noncardiac
auses of chest pain simultaneously. A number of recent
tudies have described significant extracardiac findings dis-
overed during coronary CTA (56–59) (Table 5).
Cardiac CTA is increasingly being used for the evaluation
f coronary artery bypass grafts. Malagutti et al. (60) showed
9% sensitivity and 96% specificity for bypass graft disease
y segment. Pache et al. (61) demonstrated 98% sensitivity
nd 89% specificity for bypass graft stenosis or occlusion,
ith 6% of distal anastomoses not evaluable. Interestingly,
everal grafts missed by catheterization were visualized with
TA (40). Di Lazzaro et al. (62) used 16-detector row
TA to evaluate radial artery coronary bypass grafts, con-
rming the accuracy of CT for this indication.
Several studies used CT for the detection of transplant
asculopathy in heart transplant recipients. Gregory et al.
63) demonstrated feasibility of 64-row CT in 20 transplant
atients. Although agreement with intravascular ultrasound
as limited (sensitivity 70%, specificity 92%), coronary
rtery diameter measurements correlated well with catheter
ngiography (r2  0.89). Iyengar et al. (64) demonstrated
ood agreement between 64-row CT and catheter angiog-
aphy for the detection of coronary vasculopathy in 20
ransplant patients (  0.69). Sigurdsson et al. (65)
emonstrated similar good correlation between 16-row CT
nd coronary angiography for percent stenosis (r  0.75,
 0.01).
In a canine model of graded left anterior descending
tenosis, George et al. (66) performed CTA during adeno-
ine administration to show that stress-induced flow deficits
an be detected by CT and that attenuation values can be
sed to estimate absolute myocardial blood flow, as mea-
ured by microspheres. Although the CT attenuation cal-
ulation method is only semiquantitative, their findings
uggest that first-pass contrast enhancement has the poten-
ial for clinical utility in the evaluation of coronary stenosis.
RI. Several preliminary studies on direct coronary imaging
eported technical measurements, such as signal-to-noise
atio (SNR). In 9 volunteers, Bansmann et al. (67) used a
-T scanner (one with twice the magnetic field strength of
onventional scanners) to compare the length of visible
oronary vessels and the SNRs for the vessel wall, epicardial
at, and luminal blood of 2 different types of MRI acquisi-
ions. In 10 volunteers, Bi et al. (68) used a conventional
.5-T scanner to compare SNR and vessel length in a whole
eart and volume-targeted scan. They found longer de-
icted vessel lengths in the volume targeted scans.
Several researchers have used MRI stress perfusion or
tress wall motion imaging to detect CAD. In 92 patients
cheduled for clinically-indicated coronary angiography, Klem
t al. (69) performed rest wall motion, adenosine-stress perfu-sion and delayed enhancement infarct imaging at the sameEx
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September 4, 2007:988–1003 Year in Cardiac ImagingRI examination. Readers then used wall motion, perfusion,
nd delayed enhancement separately and in various combina-
ions. Magnetic resonance imaging adenosine perfusion had
4% sensitivity and 58% specificity for detecting significant
AD. Using all of the information in a predetermined algo-
ithm, Klem et al. (69) found that sensitivity was similar at 89%
nd specificity improved to 87%.
In 46 patients, Cury et al. (70) reported that MRI
denosine perfusion had 81% sensitivity and 90% specificity
or detecting CAD. The combination of rest perfusion, wall
otion analysis, and delayed enhancement had 89% sensi-
ivity and 85% specificity.
T AND MRI. Wang et al. (71) reported on a subset of 222
atients from the MESA (Muli-Ethnic Study of Athero-
clerosis) study who underwent both CT imaging for
oronary artery calcification and adenosine MRI to assess
yocardial perfusion reserve. They found that perfusion
eserve was inversely associated with the presence and
everity of coronary calcification, suggesting that this was a
anifestation of subclinical coronary atherosclerosis in the
bsence of symptoms in these patients.
rognosis
PECT. A variety of studies confirmed the prognostic
tility of SPECT (72–76) (Table 6). Mahmarian et al. (77)
nrolled 728 stable survivors of acute MI in the prospective
ulticenter ASPIRE (Adenosine Sestamibi Post-Infarction
valuation) trial. Using gated adenosine SPECT within 10
ays of hospitalization and prospectively defined criteria,
hey identified low-risk, intermediate-risk, and high-risk
ubgroups. The low-risk subgroup comprised nearly one-
hird of all enrolled patients and had only a 1.8% hard event
ate during the subsequent year. They suggested that iden-
ification of these patients may permit earlier hospital
ischarge with less intervention.
PECT and CT. Rozanski et al. (78) reported outcomes
n 1,153 patients who underwent both SPECT and CT for
oronary calcification. In patients without ischemia by
PECT, event rates remained low even when calcium scores
oteworthy SPECT Prognosis Studies Within Past Year
Table 6 Noteworthy SPECT Prognosis Studies Within Past Yea
Author Patients
Metz et al. (72) Normal exercise SPECT; normal exercise echocardiography
Hage et al. (73) ST-segment depression with adenosine, normal
SPECT images
Kang et al. (74) Known or suspected CAD; dual-isotope stress SPECT
Shaw et al. (75) Metabolic syndrome; tetrofosmin stress SPECT
Lima et al. (76) Known or suspected CAD; exercise sestamibi
Mahmarian
et al. (77)
Stable post-MI; gated adenosine SPECT
AD coronary artery disease; HRR heart rate recovery; LVEF left ventricular ejection fraction;
omography; SRS  summed rest score; SSS  summed stress score.xceeded 1,000. pET. The prognostic utility of stress PET studies is not as
ell established as SPECT. Yoshinaga et al. (79) examined
he prognostic value of myocardial perfusion imaging using
ET rubidium-82 imaging. Both hard events and total
ardiac events were related to the summed stress score. The
nnual hard event rate was 0.4% in the normal group and
.0% in the moderate-to-severe abnormal group. More
mportantly, PET had prognostic value in patients re-
erred after SPECT imaging, as well as in patients with
besity.
T. Gopal et al. (80) performed follow-up CT studies of
atients with a negative coronary calcium scan at baseline at
minimum of 12 months later (mean 4 years). A total of
2% of their patients never developed coronary calcium, and
nly 3% had an increase of more than 50 Agatston units,
uggesting that patients with an initial coronary calcium
core of zero do not need follow-up evaluation prior to 5
ears after the initial scan.
oronary CTA. Pundziute et al. (81) followed 100 pa-
ients for 16 months after CTA (16- and 64-detector row).
omputed tomographic angiography provided prognostic
nformation independent of baseline clinical parameters.
RI. Until recently, there have been limited data regard-
ng the prognostic value of cardiac MRI. This year, several
tudies used MRI delayed enhancement to predict patient
utcomes (82–88) (Table 7). Assomull et al. (83) found that
he presence of fibrosis predicted mortality in patients with
onischemic cardiomyopathy (Fig. 4). Two papers showed
hat MRI delayed enhancement predicted the response to
ardiac resynchronization therapy (Fig. 5).
The prognostic significance of MRI stress testing has also
een evaluated. Jahnke et al. (89) performed 2.26  1.03
ears of follow-up in 461 patients who had undergone a
tress MRI that included both an adenosine-stress myocar-
ial perfusion reserve and a dobutamine-stress wall-motion
ssessment. In multivariate analysis, they found that either
bnormal myocardial reserve or stress wall motion abnor-
ality were predictive of both cardiac death and nonfatal
I (hazard ratio  10.57, p  0.001; hazard ratio  4.72,
n Major Finding
ta-analysis
1 studies)
MI/death 1%/yr with either study
65 No MI/death at 24 months Contrast with previous studies
14,739 MI/death 1%/yr with normal scan in pts with known CAD, those
with elevated BMI had lower risk of death
7,849 Number of risk factors for metabolic syndrome, and diabetes,
each associated with SSS and 2 yrs event-free survival
1,296 Abnormal HRR associated with LVEF, SSS, SRS, but not with SDS
728 Identification of low, intermediate-, and high-risk groups (see text)
yocardial infarction; SDS summed difference score; SPECT single-photon emission computedr
Me
(2 0.002, respectively). Combining the results of the
MRI Delayed Enhancement (DE) to Predict Outcomes
Table 7 MRI Delayed Enhancement (DE) to Predict Outcomes
Author Population n MRI Predictor Outcomes
Follow-up
Duration Result: Univariate Result: Multivariate
Yan et al.
(82)
Known MI (25% acute, 58%
chronic, 17% unknown age)
144 Percentage of infarct with less
intense DE (designated as
peri-infarct zone)
1. All-cause mortality
2. Cardiovascular mortality
29 months
(6–53
months)
% of peri-infarct zone associated
with increased all cause
mortality (HR  1.31, p 
0.01 per 10% increase in
percent peri-infarct). No
association with total infarct
size and death.
Adjusting for age and LVEF, percent of
infarct composed of peri-infarct
zone associated with all-cause
mortality and cardiovascular
mortality (HR  0.45, p  0.002
and HR  1.51, p  0.009
respectively per 10% increase in
percent peri-infarct)
Assomull
et al.
(83)
Dilated cardiomyopathy with
impaired systolic function
101 Presence of mid-wall DE 1. All-cause mortality/
cardiac hospitalization
2. SCD or sustained VT
3. All-cause mortality
22  12 months Mid-wall fibrosis associated with
increase in composite end-
point (HR  3.4, p  0.001),
increased incidence of SCD/
VT (HR  5.2, p  0.03)
Adjusting for LVEF, midwall fibrosis
predictor of composite outcome
(HR  5.9, p  0.04)
Barclay
et al.
(84)
Acute MI s/p thrombolysis 19 Transmural extent of DE Improvement in wall
thickening by MRI
8 weeks DE with 50% transmurality
predicted a lack of recovery
with 82% sensitivity and 54%
specificity.
None
Tarantini
et al.
(85)
Acute MI s/p PCI 76 Segments with transmural DE or
central nonenhancing core
(microvascular obstruction)
Change in LVEDV index or
LVEF
6  1 month Number of segments with
transmural DE and
microvascular obstruction
correlated weakly with LVEFV
index/LVEF.
Adjusting for troponin peak and
percent infarcted LV mass, number
of segments with delayed
enhancement associated with
change in LVEDV index (p  0.002)
and change in (p  0.0034)
White et
al. (86)
Heart failure patients (ischemic
and nonischemic)
undergoing CRT
28 % DE Clinical response to CRT 3 months % DE associated with lack of
response to CRT
(p  0.0022)
Adjusting for LVEF percent delayed
enhancement associated with no
improvement (p value not stated)
15% scar gave sensitivity of
85% and specificity of 90%
for predicting clinical
response
Ypenburg
et al.
(87)
Ischemic cardiomyopathy
undergoing CRT
34 Segments scored for DE 1. LV volumes/LVEF
2. Clinical response to CRT
6 months Summed score of DE associated
with nonresponse to CRT
(p  0.05)
None
Total DE correlated closely with
change in LVESV after CRT
(r  0.91, p  0.05)
Kaandorp
et al.
(88)
Acute MI 29 % DE End-diastolic volume 9 months % DE correlated with end-
diastolic volume (r  0.91,
p  0.001)
None
CRT  cardiac resynchronization therapy; DE  delayed enhancement; HR  hazard ratio; ICD  implantable cardioverter-defibrillator; LV  left ventricular; LVEDV  left ventricular end-diastolic volume; LVEF  left ventricular ejection fraction; MI myocardial infarction;
MRI  magnetic resonance imaging; PCI  percutaneous coronary intervention; SCD  sudden cardiac death; s/p  status post; VT  ventricular tachycardia.
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September 4, 2007:988–1003 Year in Cardiac Imagingerfusion and wall motion evaluation was not superior to
ither assessment alone.
PECT. Mahmarian and the ASPIRE Investigators (90)
lso reported a landmark randomized prospective trial of
ntensive medical therapy versus coronary revascularization
n 205 patients with sizable total and ischemic adenosine-
nduced defects and an ejection fraction 35%. Both
ntensive medical therapy and coronary revascularization
roduced comparable reductions in total and ischemic
erfusion defect sizes on SPECT 1 year later (Fig. 6). In an
ccompanying editorial, Gibbons and Miller (91) outlined
he barriers to the implementation of these results in current
linical practice.
Several studies used SPECT sestamibi to assess myocar-
ial salvage and infarct size. In the BRAVE-2 (Beyond
welve hours Preperfusion AlternatiVe with Evaluation)
rial, Parodi et al. (92) reported that primary percutaneous
oronary intervention increased myocardial salvage and
educed infarct size in ST-segment elevation myocardial
nfarction patients presenting between 12 and 48 h after the
nset of symptoms. Ali et al. (93) used infarct size by
estamibi as the primary end point in a randomized trial of
heolytic thrombectomy in 480 patients with ST-segment
levation myocardial infarction. Unfortunately, thrombec-
omy increased infarct size and worsened other secondary
nd points. In contrast to previous studies of reperfusion
herapy, Kaltoft et al. (94) performed an initial sestamibi
Figure 4 Prognostic Value of MRI Delayed Enhancement
Kaplan-Meier survival estimates for the primary end point of all-cause mortality
or hospitalization due to cardiovascular causes. Data are adjusted for baseline
differences in age, left ventricular (LV) end-systolic volume, LV end-diastolic
volume, LV ejection fraction, right ventricular ejection fraction, and treatment
with digoxin. Lower blue/black line indicates patients with late gadolinium
enhancement; upper red line indicates patients without late gadolinium
enhancement; MRI  magnetic resonance imaging. Figure used with permis-
sion from Assomull et al. (83).njection immediately after treatment with percutaneousoronary intervention; they demonstrated that the perfusion
efect on subsequent imaging was closely correlated with
nal infarct size assessed on perfusion imaging three months
ater. Their results suggested the possible use of early
yocardial perfusion imaging to identify patients with
nadequate tissue level perfusion despite Thrombolysis In
yocardial Infarction flow grade 3.
Adelstein and Saba (95) reported provocative results on a
elected subset of patients who underwent myocardial per-
usion imaging and echocardiography before cardiac resyn-
hronization therapy and then follow-up echocardiography.
hey demonstrated that several findings on baseline myo-
ardial perfusion imaging (global infarct size, infarction near
he left ventricular leads, and the extent of severely de-
reased perfusion) were all inversely correlated with the
ong-term change in ejection fraction after cardiac resyn-
hronization therapy (Fig. 7). They suggested the need for
rospective studies to confirm their results in less selected
atients.
ET. Yoshinaga et al. (79) employed rubidium-82 PET to
tudy the effects of exercise training on myocardial blood
ow in 12 patients with documented CAD and exercise-
nduced ischemia. They demonstrated an improvement in
ow reserve, both globally and in normal segments, and an
mprovement in both hyperemic blood flow and flow reserve
n abnormal segments. These findings may explain the
linical benefit of cardiovascular rehabilitation.
In a second article, Yoshinaga et al. (96) used cardiac
ET to evaluate the effects of continuous positive airway
ressure (CPAP) on myocardial efficiency. The use of
PAP did not improve myocardial efficiency after 1 h, but
id have a measurable significant benefit over the course of
weeks. These results define a possible mechanism of the
Figure 5 MRI Prediction of Response to Resynchronization
Linear regression plots showing the relationship between total percent scar
and change in left ventricular ejection fraction (EF). MRI  magnetic resonance
imaging. Figure used with permission from White et al. (86).
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Year in Cardiac Imaging September 4, 2007:988–1003linical benefit of CPAP in patients with obstructive sleep
pnea and heart failure.
entricular Function
ET. Two studies used FDG-PET to better define myo-
ardial glucose metabolism. Dutka et al. (97) examined the
ffect of type 2 diabetes mellitus on myocardial glucose
tilization in patients with CAD and heart failure. They
emonstrated decreased myocardial glucose utilization and
educed extraction of glucose and suggested that myocardial
nsulin resistance in these patients may explain their poor
ong-term outcome.
Søndergaard et al. (98) studied 27 diabetic patients with
AD and normal left ventricular function to determine
hether myocardial insulin resistance was present, as it is in
atients with CAD, diabetes, and abnormal left ventricular
unction. They were unable to demonstrate insulin resis-
ance using PET-FDG.
T. Several studies validated the use of CT for the
easurement of left and right ventricular ejection fraction,
lthough several of these demonstrated limitations of car-
iac volume measurements (99–103).
Studies of regional wall motion using multiphase recon-
truction CT angiography had variable results. Henneman
t al. (104) showed good agreement between CT and
PECT and between CT and echocardiography on a
er-segment basis (95% and 96%, respectively). However,
chepis et al. (105) demonstrated only moderate correlation
etween CT and SPECT for regional wall motion (r 
Figure 6 Effect of Medical Therapy and Revascularization on SP
Mean (SD) and individual changes in total and ischemic left ventricular (LV) perfu
medical therapy or revascularization. The dashed line represents 95% confidence
phy. Figure used with permission from Mahmarian et al. (90)..648). Using MRI as the reference standard, Dewey et al.106) showed that CT was superior to biplane ventriculog-
aphy for regional wall motion analysis and correlated better
ith MRI than echocardiography for volumetric parame-
ers. Conversely, Fischbach et al. (107) also compared CT
ith MRI for regional wall motion and reported that CT
nderestimated the degree of motion impairment. In addi-
ion, interobserver agreement was reduced for CT as com-
ared with MRI (67% vs. 89%, p  0.01) (107).
Figure 7 SPECT Prediction of Response to Resynchronization
Summed rest score (SRS) on SPECT predicted echocardiographic response
rate after cardiac resynchronization therapy. The hazard ratio for nonresponse
with SRS 27 is 3.59 (95% confidence interval 1.63 to 7.91; p  0.0001).
SPECT  single-photon emission computed tomography. Figure used with per-
mission from Adelstein and Saba (95).
Perfusion Defects
efect size (PDS) from initial SPECT to follow-up SPECT in patients randomized to
l for a real patient change. SPECT  single-photon emission computed tomogra-ECT
sion d
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September 4, 2007:988–1003 Year in Cardiac ImagingHenneman et al. (108) performed an ambitious study of
TA to assess left ventricular viability, regional and global
entricular function, and coronary artery anatomy and
hysiology in 21 patients with known myocardial infarction.
espite the fact that this study was performed using a
6-detector row system, they found excellent correlation
etween CT and SPECT for regional wall motion (92%,
 0.77) and ejection fraction (r  0.85). They found that
T also performed well in the evaluation of myocardial
erfusion by first-pass enhancement, detecting 93% of
erfusion defects (68 of 73) and 98% of normal segments
277 of 284) compared with SPECT (Figs. 8 and 9).
RI. Because of its high reproducibility, MRI has become
gold-standard for ventricular function and ventricular
olumes; these are frequently used as an end point in trials.
n particular, MRI is often used as end point in studies of
tem cell or granulocyte colony stimulating factor treatment
Figure 8 CT Detection of Infarction
Midventricular short-axis CT images reconstructed in end diastole (A) and end sys
wall thinning and poor contractility of the inferior wall (arrow) at CT. CT  compute
Figure 9 Comparison of SPECT and CT in a Patient With Infarc
Midventricular short-axis SPECT (A) and CT images (B) demonstrating correspond
hypoenhancement on CT (black arrow in B), characteristic of an inferior myocardia
tomography. Figure used with permission from Henneman et al. (108).or acute or chronic infarction. The most recent studies on
his topic are summarized in Table 8 (109–113). Tandri et
l. (108) published normal values of adult right ventricular
olumes, subdivided by age, gender, and ethnicity, reflecting
he maturity of this field.
Magnetic resonance imaging is also capable of more
etailed function measurements, such as the tracking of
pecific portions of the myocardium and the quantification
f regional left ventricular (LV) function, often in the form
f strain. Carmichael et al. (114) assessed regional function
n 95 patients before and after surgical ventricular restora-
ion surgery. Although ventricular volumes improved, re-
ional LV function did not, which the authors interpreted
s a sign of continued LV remodeling after surgery. Fer-
andes et al. (115) prospectively examined 500 subjects as
art of the MESA study mentioned previously. They found
hat carotid intimal medial thickness (a measure of subclin-
) demonstrate characteristic findings of an inferior myocardial infarction with
ography. Figure used with permission from Henneman et al. (108).
rior wall rest perfusion defect on SPECT (white arrow in A) and inferior wall
ction. CT  computed tomography; SPECT  single-photon emission computedtole (B
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Year in Cardiac Imaging September 4, 2007:988–1003cal atherosclerosis) was associated with alterations of myo-
ardial strain parameters, suggesting subclinical atheroscle-
osis with incipient myocardial dysfunction in the absence of
nown heart disease.
ppropriateness
oncern has continued over the rapid growth of cardiac
maging. Douglas et al. (116) reported the proceedings of an
mportant think tank on quality in cardiovascular imaging,
hich included representatives from multiple different pro-
essional and health organizations. The proceedings consid-
red 4 different dimensions of the imaging process—patient
election, image acquisition, image interpretation, and re-
ults communication, for a range of cardiac imaging proce-
ures, including echocardiography, vascular ultrasound,
PECT, CT, MRI, and diagnostic angiography. The report
ighlights examples of quality measures and action items for
our dimensions for each modality. Implementation of these
ction items will require a broad effort of the cardiovascular
maging community.
Two important studies (117,118) reported better patient
utcomes with higher doses of beta-blockers and tighter
eart rate control during noncardiac surgery. These are
ikely to influence future updates of the guidelines for the
erioperative cardiac assessment of non-cardiac surgical
atients, and ultimately the appropriateness criteria for
tress SPECT.
Along with the American College of Radiology and
ultiple other organizations, the American College of
ardiology Foundation published a detailed set of appro-
riateness criteria for cardiac CT and MRI (119).
onclusions
e hope that this review will encourage a broader imaging
pproach to clinical problems and help the reader identify
rticles that are of sufficient interest to merit a more detailed
xamination.
eprint requests and correspondence: Dr. Raymond J. Gibbons,
ayo Clinic, Gonda 5, 200 First Street, SW, Rochester, Minne-
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